The ability of B cells, B blasts, and macrophages to present Epstein-Barr virion antigens to autologous T cells and trigger their capacity to inhibit Epstein-Barr virus-induced B-cell transformation was tested. Macrophages were as efficient as B cells and B blasts in presenting the virus to T lymphocytes. This function required antigen processing, because it was inhibited by chloroquine treatment and by fixation of the antigen-presenting cells immediately after viral exposure but not 18 h later. T cells exposed to the purified Epstein-Barr virus envelope antigen gp350 coupled to immunostimulating complexes also showed inhibitory function. These results suggest that recognition of processed virion antigens elicits the generation of T-cell-mediated inhibition of Epstein-Barr virus-induced B-cell transformation.
The demonstration that T lymphocytes from Epstein-Barr virus (EBV)-seropositive individuals inhibit the EBV-induced transformation of B cells in vitro has strongly influenced the current view on the role of cellular immunity in the control of EBV infection (23) . The antigen(s) that triggers T cells for growth-inhibitory capacity in this in vitro system has not been identified. The findings that T cells inhibit the proliferation of autologous EBV-transformed lymphoblastoid cell lines, which do not enter the productive cycle (22) , and that T cells isolated from regressing cultures lyse the lymphoblastoid cells have focused the attention to the restricted set of viral gene products that are regularly expressed in the EBV-transformed lymphoblastoid cells. These include six nuclear antigens (EBNA 1 through 6) and two membrane proteins, the latent membrane protein, and the membrane protein encoded by spliced exons from the terminal repeats (19, 25, 31) . The contribution of cellular immunity against EBV structural antigens was studied only recently (29) . We have shown that virion antigens presented by B lymphocytes can trigger the capacity of T cells to inhibit B-cell transformation (2) . We have now examined the capacity and requirements of B cells, B blasts, and macrophages to present EBV virion antigens to autologous T lymphocytes.
Lymphocytes obtained from buffy coats of EBV-seropositive donors were separated into T-and B-cell-enriched populations by nylon wool passage and sheep erythrocyte rosetting as previously described (13) . Samples of B cells were either frozen for later infection or exposed to blastogenic concentrations (1/40,000 dilution from a packed pellet) of Formalin-fixed Staphylococcus aureus. To obtain monocyte-macrophage-enriched populations, mononuclear cells were layered on top of Nycodenz-Monocytes (Nyegaard & Co., Oslo, Norway). The gradients were centrifuged for 15 min at 600 x g, and monocytes were recovered from the interface region. This population contained >95% macrophages as determined by latex ingestion or by morphology * Corresponding author. evaluation on Giemsa-stained preparations. Macrophages, B cells, and B blasts were exposed for 1 h at 37°C to UVinactivated EBV preparations (2) . T cells were cultured in RPMI 1640 (Flow Laboratories, Inc.; no. 12602) supplemented with heat-inactivated fetal calf serum, 100 ,ug of streptomycin per ml, 100 U of penicillin per ml, and 2 mM L-glutamine either alone or with 4,000-rad-irradiated antigenpresenting cells (APC) at a T/B or T/macrophage cell ratio of 10:1. Three days later, T cells were recovered from the various cultures and assayed for their ability to inhibit the growth of the freshly infected autologous B cells as previously described (13) . The strength of the outgrowth inhibition is expressed as the regression index, representing the minimum number of T cells required for a 50% reduction of B-lymphocyte growth.
T lymphocytes recovered from the mixed cultures containing different types of APC that had been pre-exposed to UV-inactivated virus inhibited with similar efficiencies the transformation of freshly EBV-infected B cells. The inhibitory effect was evident from the comparison with the effect of T cells cultured alone or with APC that had not been exposed to the virus. It is noteworthy that T cells exposed to uninfected B blasts did not generate inhibitory activity. It seems, therefore, that T-cell responses acting in the transformation system are directed to viral antigens presented by the infected cell and not to B-cell-or B-blast-specific antigens as previously suggested (14) .
Macrophages and B blasts were as efficient as B lymphocytes in presenting the virus to the T cells (Fig. 1) . Thus, a role of macrophages in the EBV-specific cellular immunity is shown here for the first time. We verified the absorption of virus to macrophages by measuring the residual infectivity of viral preparations that had been preincubated with various numbers of macrophages. This procedure resulted in a dose-dependent reduction of EBNA-inducing potential (Table 1). Although the EBV receptor CR2/CD21 was initially thought to be present only on B lymphocytes, it is now established that it is present in other cell types (3, 28 34) , including activated macrophages (6, 9) . Whether the inter- action of EBV with the macrophages involves the specific CR2/CD21 receptor remains to be determined.
In other viral systems it has been demonstrated that antigens are processed and antigenic peptides are presented to the T cells in association with major histocompatibility complex (MHC) molecules (32) . Processing requirements for antigen presentation vary between viruses and between major histocompatibility complex class I-and class IIrestricted responses to the same virus (18) . Most antigens must be at least unfolded, if not fragmented to reveal peptides that bind to major histocompatibility complex molecules. In our experiments the generation of inhibitory T cells could be due to recognition of virion-derived antigenic moieties processed by the presenting cells or to recognition of virus particles attached to the cell membrane after infec- tion. To distinguish between these two possibilities, we examined the generation of outgrowth-inhibitory capacity under conditions in which antigen processing does not take place. Chloroquine, a lysosomic agent known to inhibit antigen processing, was added during the infection period. We chose a concentration of 50 ,uM, which was shown to inhibit presentation of influenza virion antigens (18) . This concentration did not affect the binding and penetration of EBV because it did not reduce the induction of EBNA in B cells and in the EBV-negative BJAB cell line (data not shown).
T lymphocytes were cultured with APC exposed to UVinactivated virus in the presence of chloroquine and fixed immediately or 18 h later with glutaraldehyde. Fixation is known to inhibit antigen processing without influencing the capacity to present already processed antigens or antigenic peptides (8, 27) . Accordingly, immediate fixation of APC abrogated the sensitization step. T cells derived from these mixed cultures had levels of inhibition similar to those of T cells cocultivated with noninfected APC. On the other hand, fixation of the APC 18 h after virus exposure did not impair their priming capacity; T cells cultured with such APC were as efficient in inhibiting B-cell growth as were T cells cocultivated with infected nonfixed APC (Fig. 2) .
Among the structural components of the virion, the major envelope glycoprotein gp340 is likely to be responsible for T-cell sensitization. This viral glycoprotein interacts with the viral receptor on the B cells (20, 36) , it is the target of neutralizing antibodies (7, 30) , and it activates the alternative complement pathway (15) . Antibodies to gp340 mediate antibody-dependent cellular cytotoxicity (21) , and they inhibit virus release from productive cell lines (24) . Cottontop tamarins immunized with purified gp340 incorporated into immunostimulating complexes (iscoms) were protected against EBV-induced lymphoma. Interestingly, the levels of protection did not always correlate with levels of neutralizing antibodies (17) . In a recent study gp340 iscoms were shown to be the target of EBV-specific major histocompatibility complex class II-restricted proliferating clones generated by stimulation of lymphocytes from EBV-seropositive individuals with UV-inactivated virus (33) . These results prompted us to examine the capacity of gp340 to trigger T-cell-mediated inhibition of EBV-induced B-cell transformation.
gp340 was purified to homogeneity (as judged by sodium dodecyl sulfate-polyacrylamide gel electrophoresis) from B95-8 cell membranes by fast-protein liquid chromatographic ion exchange (5) and incorporated into iscoms (12, 17) . These preparations were examined by electron microscopy and exhibited characteristic 35-nm-diameter cagelike structures (16) . Specific binding of gp340 iscoms to EBVreceptor CR2-positive Raji cells was confirmed by indirect immunofluorescence. A preparation of quail A and cholesterol without gp340, exhibiting the typical cagelike structure was used as control (referred to as matrix in the figures) (12) . Peripheral blood lymphocytes were exposed to gp340 iscoms or to matrix for 7 days. T lymphocytes from matrix-stimulated cultures exerted a weak inhibition similar to that of T cells derived from control cultures, i.e., peripheral blood lymphocytes cultured alone (regression indexes, 6.2 + 1.2 and 7.1 + 0.1, respectively). T cells cultured with gp340 iscoms showed higher inhibitory capacity (regression index, 1.6 + 0.7) than did T cells cultured with matrix (P < 0.05). The inhibitory effect of this population was similar to that of freshly separated T lymphocytes tested in parallel (regression index, 2.8 0.7; P > 0.1) (Fig. 3) .
Identification of virion antigens and antigens associated with lytic infection as targets for T-cell responses is of importance in the light of the current view on viral persistence. The lymphoid compartment represents the primary site for the maintenance of the virus in the infected hosts (lOa). The facts that the spontaneous outgrowth of EBVcarrying lymphoblastoid cells from blood of EBV-seropositive individuals is largely dependent on the release of virus and subsequent in vitro infection of B cells (11) and that productive infection of epithelial cells is frequent in healthy virus carriers (37) support the idea that lytic infection and immune responses to antigens associated with the productive cycle of the virus may be more important than previously recognized in controlling and avoiding the manifestation of the transforming potential of B cells.
Our results show that T lymphocytes with specificity to virion antigens can counteract B-cell transformation. In vivo such T lymphocytes may control the lytic infection in the epithelium, as indicated by the fact that in conditions of immunosuppression the shedding of infectious virus in throat washings is elevated (38) . Recent 
